ABSTRACT. Using Mawhin's continuation theorem we obtain some existence results of periodic solutions for a type of p-Laplacian neutral Liénard equation
Introduction

This paper is devoted to investigating p-Laplacian neutral Liénard equation with variable parameter of the form: (ϕ p ((x(t) − c(t)x(t − τ )) )) + f (x(t))x (t) + g(x(t − γ(t))) = e(t),
(1 and obtained some existence results of periodic solutions for the above equation. When p = 2 and c(t) is a constant c, Zhu and Lu [2] considered p-Laplacian neutral equation
, for all t ∈ R), see [3] . Based on the above work, in this paper we will study equation (1.1) and obtain the existence of periodic solutions by using Mawhin's continuation theorem. To the best of our knowledge, there is no paper to study the existence of periodic solutions to equation (1.1). The reasons for it lie in the following two aspects. The first is that the operator ϕ p (u) = |u| p−2 u, p = 2 is no longer linear, so Mawhin's continuation theorem can not been used directly and verifying L-compact for nonlinear operator N is difficult; the second is that conditions of Mawhin's continuation theorem are not easy to verify when c(t) is variable . Our research enriches the contents of neutral equations and generalizes informed results.
Main lemmas
with the norm |ϕ| 0 = max
with the norm
Clearly, C T and C
1
T are Banach spaces. Define linear operator:
Ä ÑÑ 2.2º ([4]) Suppose that X and Y are two Banach spaces, and
L : D(L) ⊂ X → Y ,
is a Fredholm operator with index zero. Furthermore, Ω ⊂ X is an open bounded set and N :Ω → Y is L-compact onΩ. If all the following conditions hold:
where
In order to use Mawhin's continuation theorem to obtain the existence of T -periodic solutions of the equation (1.1), we take (
where q > 1 is a constant with
Hence we rewrite the equation (1.1) in the form of the two-dimensional differential system (Ax 1 ) (t) = ϕ q (x 2 (t)),
T is a T -periodic solution to system (2.1), then x 1 (t) must be a T -periodic solution to equation (1.1). Thus, in order to prove that equation (1.1) has a T -periodic solution, it suffices to show that system (2.1) has a T -periodic solution. Now we set
with the norm x = max |x 1 | 0 , |x 2 | 0 . Equipped with the above norm · ,
Let φ(t) be the unique T -periodic solution of (2.4), then φ(t) = 0 and
Obviously, Im L is a closed in X and dim Ker L = codim Im L = 2. Hence L is a Fredholm operator with index zero. Define continuous projectors P ,
Hence K p is a completely operator in Im L. By the definitions of Q and N , it knows that QN (Ω) is bounded onΩ, here Ω is a bounded open set on X. Hence nonlinear operator N is L-compact on Ω.
Main results
For the sake of convenience, we list the following conditions.
There is a constant r such that
) has at least one T -periodic solution, if p = 2 and
or p > 2 and
P r o o f. Consider the following operator equation:
where L and N are are defined by (2.2) and (2.3), respectively. Let
(3.1) From the first equation of (3.1), we get x 2 (t) = ϕ p 1 λ (Ax 1 ) (t) , combining with the second equation of (3.1) yields
Integrating both sides of (3.2) over [0,T], we get
From integral mean value theorem and (3.3), we know that there exists a con-
Assumption (H 1 ) implies
Hence we get 
where ρ > d > 0 is a given constant. Integrating the two sides of (3.2) on [0, T ], we get
BO DU Therefore, using (H 1 ) and (H 2 ), we obtain
For such ε, by assumption (H 2 ), there exists a constant ρ > 0 such that
From (3.6) and (3.8), we get |g(x 1 (t − γ(t)))|. From (3.4), (3.5) and (3.9), we have 
